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ABSTRACT OF THESIS 
MEASUREMENT AND AFFECT OF ECOLOGICALLY SIGNIFICANT 
FACTORS WITHIN A THERMALLY-STRATIFIED LAKE 
ON BACTERIAL UTILIZATION OF A HUMIC ACID 
The ecological factors affecting bacterial populations 
during thermal-stratification were studied in a eutropic 
lake in Northeastern Kentucky. A humic acid polymer was 
extracted from water samples and identified with infrared 
spectra. The optical density of the aliphatic moiety of the 
humic acid was shown to vary greatly in weekly water samples 
from various depths above thermocline. The O.D. of the 
aliphatic moiety was observed to be the highest in/or below 
the thermocline at all sampling dates. Bioassay of water 
containing the humic acid polymer with aerobic bacteria, 
isolated from the ecosystem, showed a bacterial preference 
for the aliphatic moiety of the polymer. 
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Aquatic microbial ecology has an extremely practical 
importance at the present time for there is a constant and 
increasing introduction of complex synthetic chemicals to 
the aquatic environment, and bacteria are primary agents in 
the utilization of metabolizable materials in water (14). 
To enable investigators to effectively determine the 
influence of synthetics on aquatic ecosystems, the compo-
sition and biological utilization of the naturally occurring 
compounds in aquatic habitats should be thoroughly investi-
gated first. 
The research reported upon in this study is restricted 
to the variations in concentration of organic compounds and 
bacterial populations in an artifical lake after the de-
velopment of the thermocline. 
The total number of bacterial populations in contami-
nated bodies of water have been recorded by Frankland (12), 
Welch (35), and Collins (6). Collins (6) gave two methods 
used for the enumeration of bacteria: plate counts or other 
enrichment methods, and direct counts. Although direct 
counts provide information concerning total number of 
organisms present and plate counts show the types of bac-
teria that will grow on given substrates, it is impossible 
to determine the use and transformation of compounds present 
in a natural body of water using these techniques alone. 
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One approach to determining the types of dissolved 
organic matter in aquatic ecosystems has been to study the 
total number and physiological activities of the hetero-
tropic bacteria present. Heukelekian and Dondero (14) 
suggested that deficiencies in our knowledge of the bio-
chemical roles of bacterial species in plankton could easily 
be solved by the use of isotopic tracer studies. However, 
the isotopic tracer technique is difficult to use in a large 
artificial lake. It is possible to extract organic compounds 
from waters and to determine the changes in their relative 
concentration during a given time interval. Qualitative and 
quantitative measurements can be made from spectroscopic 
analyses (16, 27). 
The sampling of aquatic bacterial populations is com-
plicated by great fluctuations in total water and organic 
compounds in the sampling area. Such fluctuations occur as 
the result of differential rainfall, run off, and various 
types of pollution. The organic compounds and soil bacteria 
that wash into study areas often make it difficult to 
separate the individual components of the soil and .aquatic 
ecosystems (33). 
REVIEW OF LITERATURE 
The relationship between dissolved organic matter in 
natural waters and the organisms that produce, transform, 
and use these compounds is one of the more important problems 
in aquatic ecology (36). The heterotropic bacteria of plank-
ton are undoubtedly the most important organisms utilizing 
organic material in natural waters (15). However; Rodhe 
(28), McAllister, Parsons, and Strickland (21), wood (36), 
and wright (37) have pres_ented evidence that algae may also 
be using organic solutes as a source of energy. The nutri-
ent uptake mechanisms of bacteria have been reviewed by 
Cohen and Monod (5) and Kepes (17). They found that the 
nutrient uptake was stereospecific and could be induced as 
are given enzymatic activities. Bacteria in natural habitats 
are extremely effective in removing small amounts of glucose 
and acetate from solution (25, 39). ZoBell and Grant (~O, 
~1) reported that marine heterotropic bacteria reproduce in 
environments where usable substrate is as low as 100 mg/1. 
wright and Hobbie (38) found significant uptake in some 
species at concentrations as low as 5% of the above value. 
The in situ populations, whether they are composed of a few 
species each utilizing the same.variety of compounds or each 
utilizing one or a class of compounds present, appear to have 
uptake mechanisms at least as effective as those in labora-
tory cultures (7). Cohen and Monod (5) showed that there 
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does exist a great variability in the number of transport 
systems for Escherichia coli Castellani and Charmers. They 
have estimated that E.coli utilizes thirty to fifty differ-
ent compounds, and Kepes (17) identified fourteen of these 
compounds. 
The quantity of dissolved organic matter, which is 
defined as the material that passes through an HA Millipore 
filter, in natural waters normally ranges from 0.2 to 50 
mg/liter (3, 22). Waksman (32), Fogg, (11), Provasoli (26), 
and wood (36) have pointed out that the dissolved organic 
matter in aquatic ecosystems is probably composed of a 
large, relatively stable fraction little affected by bio-
logical processes; and a small fraction used rapidly by 
heterotropic plankters. In analyzing the importance of the 
dissolved organic matter as an energy source in aquatic 
ecosystems, the study of the actual rate of supply and 
regeneration of this smaller fraction is much more important 
than measurements of the total concentration of dissolved 
organic _rriatter. According to Wright and Hobbie (38) bac-
teria are well adapted to the removal of organic solutes 
present at low concentrations. Before pertinent conclusions 
can be made, the type and size of bacterial populations and 
substrates found at various depths and temperatures in the 
aquatic ecosystem must be determined. 
The organic polymers utilized in this research are 
classified as 11Humic acids" and produce a similar infrared 
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spectrum to that published by Theng (30). Chemical degra-
dation studies of humic acids have yielded a limited amount 
of information about their chemical composition (10). 
Felbeck (10) has suggested that although some degradation 
processes are too mild to effectively cleave humic materials, 
other processes destroy intermonomeric and intrarnonomeric 
bonds simultaneously as a result of the similar stability 
of these bonds; thus, both methods are ineffective. After 
the humic acid compounds are extracted from the soil by 
chemical and physical separation, they may represent but a 
small fraction of humic materials in the soil and be so far 
removed from their normal state in nature that their chemical 
structures are not readily obtainable. In view of this and 
other problems, the use of microorganismic or enzymatic 
degradation as a means of characterizing soil humics has 
been considered ( 20., 31). The hurnic acids are considered 
to be the result of physiochemical co-polymerization of 
compounds derived from such sources as lignins, proteins·, 
or other plant and microbial metabolites (18). Hurnic acid 
formation in nutrient solutions begins at a pH ranging from 
six to seven, and is associated with the disappearance of 
phenols (13). Humic acid is made water soluble during 
leaching by removal of metalic complexes of calcium, iron 
or magnesium (4). Leaching occurs at the mud interface at 
the bottom of the lake, and permits the polymer to diffuse 
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into the aquatic ecosystem. Microbial utilization of com-
pounds polymerized with tannic acids took 30 to 60 days and 
showed dependence upon a high co2 tension (2). 
some studies show that humic acids serve more frequently 
as the. source of nitrogen rather than carbon (9). The 
nitrogen rich portion of the humic acid is found in the 
aliphatic periphery of the polymer and is the biodynamic 
portion of the polymer (23). On the contrary, spectroscopic 
analysis of humates used as a carbon and nitrogen source 
for microorganism showed the aromatic moiety was utilized 
and not the aliphatic periphery (20). Another study showed 
almost 70% of the total humic acids extracted from soil by 
lactic acid have been degraded by microorganisms, with no 
preference for either moiety, when supplied as the source of · 
carbon and nitrogen (19). The above studies on utilization 
of humic acids were carried out in the laboratory. It would 
be interesting to find out which reactions take place in an 
aquatic bacterial community. 
MATERIALS AND METHODS 
The aquatic ecosystem studied was the Morehead State 
University reservoir in Rowan county, Kentucky. The man-
made eutropic lake has a maximum depth of 12.5 min the 
sampling area. The lake is bounded on three sides by a 
deciduous forest with scattered conifers and an earth fill 
dam covered with limestone on the fourth. 
weekly water samples were taken at the lake from 
June 19, 1968, until the fall overturn in the week of 
September 23, 1968. Water and temperature samples were 
taken at one meter intervals to a depth of twelve meters. 
Samples were never taken from water less than 12 meters 
deep or 75 feet from shore. This limited the sample area 
to the center 16,112.88 m2 of the lake. 
Thermal-stratification was already present when sampl-
ing began. Temperatures were taken at one meter intervals 
from surface to bottom with a tele-thermometer and were 
utilized in locating the thermocline. Establishment and 
maintanence of the thermocline eliminates mixing of surface 
and bottom waters, The thermocline is a layer in which the 
temperature of water falls very rapidly with increasing 
depth, By definition the decrease in temperature must be 
one degree centigrade per meter of increase in depth. When 
the fall in temperature with increasing depth from surface 
is less than 1°c perm, that portion is still within the 
0 epilimnion; when temperature decline becomes 1 C perm of 
depth, that marks the upper limit of the thermocline. The 
lower limit of the thermocline is determined in reverse 
order. The temperature transition from thermocline to 
hypolimnion is more gradual than that from epilimnion to 
thermocline. The rule for position of a thermocline is an 
arbitrary one. 
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A Kemmerer sampler was used to collect water for oxygen 
and carbon dioxide determination. Oxygen and carbon dioxide 
content of the water was determined in the field as soon as 
samples were collected using the Winkler method for o
2 
and 
phenolphthalein for co2 (34). The Winkler method has 
become the standard means of determining the dissolved 
oxygen content of water. concentrated sulfuric acid is 
added to the water sample and titrated with 0.4 N sodium 
thiosulfate until the neutral point is obtained. The number 
of cc. of sodium thiosulfate used is equal to the amount of 
dissolved o
2 
in parts per million. For co
2 
determination, 
phenolphthalein is added to water and titrated with 0.5 N 
NaOH until a faint pink color occurs. Free co
2 
expressed in 
parts per million is calculated by multiplying the number of 
cc. of NaOH used in the titration by 10. 
Sterilized 250ml Hale Sampler collection bottles were 
used to collect bacterial samples. Bacterial samples were 
placed upon collection in an ice chest and kept below 4°c 
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until filtered in the laboratory. Each of the 250ml water 
samples containing bacteria were separated into two equal 
portions (125ml) and each filtered through an HA Millipore 
filter within two hours of collection. The organisms on one 
filter were utilized in enrichment methods, those on the 
other filter in direct counts of organisms. In the enrich-
ment technique the following media were used: plate count 
media (incubated first at 22°c for 24 hours then at 37°c for 
24 hours), eosine methylene blue agar (incubated at 37°c), 
and desoxycholate (incubated at 37°c). Every 24 hours the 
filters containing the bacterial organisms were moved, under 
sterile conditions, from one media to the next. At the end 
of each growth period, the colonies which had differentiated 
were counted. The above procedure is the Millipore method, 
a standard method for the bacterial examination of water (1). 
Five bacterial organisms, each with different colony charac-
teristics, were isolated from plate count agar and maintained 
on Pen-assay agar for a later bioassay experiment. The bac-
teria ut.ilized were identified to the genus level using the 
key found in 11A Guide to the Identification of the Genera 
of Bacteria" (29). 
The 250ml of filtrate, from samples collected weekly 
at each meter be1ow water surface, was mixed with 50ml of 
ether in a separatory funnel and the ether layer was col-
lected. The ether was then evaporated under vacuum and the 
remaining compounds were dissolved in carbon tetrachloride. 
These cc1
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solutions were analyzed in a Beckman micro-
spectrometer to determine whether compounds present above 
and below the thermocline differed in quality and quantity. 
The distribution of the peaks for various functional groups 
did not change from sample to sample. The quantity of the 
compounds present was determined from the infrared spectra 
on the basis of the differences in optical density. The 
optical density is directly proportional to the concentration 
of the compound. All chemicals utilized in chemical pro-
cedures were of chemically pure quality. The compound 
extracted was added drop by drop to the surface of a Beckman 
IR8 sodium chloride crystal and the solvent evaporated. The 
IR8 was then operated at a gain of four on double beam and 
a complete spectrum of the compound was obtained. A similar 
qualitative spectrum was also produced following Posrier•s 
extraction procedures (24). The compound extracted was 
identified as a humic acid polymer. Bioassay of filtered 
lake water, containing an aliphatic moiety of a humic acid 
polymer with a known optical density, was inoculated and 
cultured for two weeks, Twelve bottles were maintained at 
23° centigrade, six bottles in a normal atmosphere, six in 
an atmosphere containing five percent co2. TWO bottles were 
used for controls, one in each atmosphere. The other ten 
bottles were inoculated with the five genera of isolated 
bacteria, one genus to a culture bottle. After a growth 
period of two weeks, the samples were then prepared for 
infrared spectographic analysis as described above. The 
aliphatic moiety of humic acid at 2920 wavenumbers cm-l 
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was then measured on a Beckman microspectrograph and the 
percent transmission was converted to optical density using 
. Po 
the formula 0.D. = log P (8). Figures included in tables 
prepared to show differences in optical density were 
expanded 102 to show readily discernible variations in 
recorded values. The bioassay was carried out to find if 
the bacteria isolated from water could be responsible for 
the differences in concentration of the aliphatic portion 






, optical density of the 
aliphatic moiety, temperature, and number of bacteria vary 
with depth at a given date, and at a given depth from week 
to week. These factors do not vary independently, but one 
is dependent upon the other (Table I, page 13), Thermocline 
depth is influenced by both air temperature and rainfall. 
As the atmosphere warms to its maximum in August, the surface 
water of the lake increases in temperature, and the thermo-
cline is depressed in depth. There is a downward movement 
of heat during spring and summer in lake waters and this 
causes a general increase in heat throughout the aquatic 
ecosystem. In the late spring, the bottom temperature of 
the sampling area was 4°c compared to a surface temperature 
of 25°c. By August 7, 1968, the temperature at the bottom 
of the lake had increased two degrees to 6°c, and the sur-
face water had increased only 0.5°c to 25.5°c. 
The depth of the thermocline from June 19 to July 31 
was five meters. During August the primary thermocline 
dropped to seven meters. With the great heat imput of 
August, a secondary th.ermocline developed above the primary 
thermocline. As surface heat gradually moved downward the 
secondary thermocline was depressed to five meters. The 
drop in the surface temperatures during September accounts 
for the disappearance of the secondary thermocline. The 
13 
TABLE I 




Date of Depth in Aliphatic Bacteria 
Sample Meters Temp Concn concn Moiety ml 
June 19 1 25 6.7 3.0 0.11 235 
2 21 4 .3 3.0 0.21 215 
3 20 4.3 3.0 6.33 210 
4 20 4. 0 4. 5 6.33 200 
5* 9 2.0 5.0 23.34 150 
6 8 1.6 6.0 0. 64 145 
7 8 1.6 6.5 0.14 162 
8 6 . 1. 6 7.0 0.17 104 
9 5 1.6 7.0 8.06 103 
10 4 1.6 7.0 8.13 89 
11 4 1. 4 7.0 8.15 89 
12 4 1.8 7.0 16.79 90 
July 3 1 25 6.5 3.0 0.55 240 
2 22 6.0 3.0 0.11 220 
3 21 6.0 4.0 0.22 250 
4 21 6.0 4. 0 0. 43 200 
5* 9.5 5.5 5.0 12.73 146 
6 8.5 1-9 5.0 5.69 145 
7 8.5 1-9 5.5 1.71 137 
8 7 1-5 5.5 7.90 100 
9 5.5 1.6 7.0 7.22 100 
10 4 1.6 7.0 7.22 89 
11 4 1.6 7.0 7.89 89 
12 4 1.6 7.0 8.28 93 
July 17 1 25.5 4.0 4.0 6.19 240 
2 23 4.0 4 .o 0.22 237 
3 22 5.0 4 .5 6.33 220 
4 21 5.0 4. 5 6.43 239 
5* 10 3.8 5.0 8. 49 137 
6 9.5 1.9 5.5 7.47 90 
7 8.o 1.9 5.5 7.66 100 
8 7.5 1-3 7.1 · 7 .07 93 
9 6 1-3 7.2 7. 74 99 
10 4 l .4 7.4 8.13 96 
11 4 1-5 7-4 8.06 98 
12 4 1-4 7-4 16.79 82 
*Denotes thermocline 
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Date of Depth in Aliphatic Bacteria 
Sample Meters Temp concn Concn Moiety ml 
JUly 31 l 25 4.0 4.1 6.11 200 
2 25 4.0 4.1 0.14 211 
3 25 4.0 4.4 6.62 200 
4 24 5.0 1L5 6.41 250 
5* 12 4.0 5.0 17.01 197 
6 10 2.0 6.0 7.72 140 
7 9 1.9 6.0 7.29 100 
8 8 1.9 7.1 7.07 99 
9 7 1.6 7.3 7.47 107 
10 5 · l .4 7.4 7.96 73 
11 4 1.5 7.4 7.96 90 
12 4 1.4 7.4 7.11 90 
August 7 l 25 3.8 4.8 0.29 186 
2 25 3.8 5.0 0.21 146 
3 25 4.0 5.0 0.14 149 
4*s 18.5 2.5 9.9 0.29 184 
5 15 1.0 10.0 17.08 217 
6 15 1.0 10.0 12.14 217 
7* 8 1.0 9.0 17.08 189 
8 7 1.0 10.0 17.08 200 
9 6 1.0 12.0 8.35 170 
10 5 1.1 10.0 17.01 176 
11 5 1.1 10.0 17.01 100 
12 5 1.1 10.0 17.18 100 
August 21 1 25.5 2.0 2.0 0.07 196 
2 25 1.01 2.9 0.00 214 
3 24 0.01 10.0 0.11 217 
4*s 20 0.1 15.0 17.18 212 
5 18 0.1 14.o 12.55 149 
6 16 0.1 16.0 7.87 167 
7* 8.5 0.01 16.0 7.89 172 
8 8 0.01 16.0 14.50 191 
9 8 0.009 16.0 14.09 197 
10 6 0.008 16.0 . 8.35 200 
11 6 0.006 16.0 17.22 200 
12 6 0.01 16.0 6.41 214 
*s Denotes secondary thermocline 
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Date of Depth in Aliphatic Bacteria 
Sample Meters Temp Concn Concn Moiety ml 
Sept. 4 1 20 4.1 3.0 7.80 237 
2 20 6.1 3.0 8.58 220 
3 19-5 6.1 10.0 14.27 215 
4 19 5-1 13.0 17.22 249 
5*s 15 5.1 14.0 7.89 147 
6 15 3-3 16.0 8.04 210 
7* 9 0.6 16.0 14.27 212 
8 7 0.1 16.0 23.76 200 
9 6 0.1 16.0 23.97 227 
10 6 . 0.08 16.0 17.43 209 
11 6 0.01 16.0. 17.43 200 
12 6 0.01 16.0 17-93 226 
Sept. 18 1 18.5 8.0 2.8 7-79 212 
2 18.5 7.0 3.6 0.30 211 
3 18 7-5 4.0 6.81 200 
4 18 7.0 4.0 0.18 141 
5 18 7.0 3.6 6.55 137 
6 17-5 1.7 5.0 0.29 100 
7* 10 0.9 15.0 0.24 229 
8 9-1 0.01 16.0 7.89 211 
9 7.5 0.1 16.0 7.75 220 
10 6 0.1 16.0 0.49 238 
11 6 0.01 16.0 7-73 211 
12 6 0.01 16.0 0.24 239 
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week of September 23 was characterized by temperatures fall-
ing below freezing, and rainfall raising the level of the 
lake one-half meter. As a result of this drastic decrease 
in temperature and heavy rainfall, the overturn began. 
The thermocline slows the rate of movement of gases 
downward and upward by eliminating convection currents 
crossing that barrier. This effect is shown by the differ-




above, and below the thermo-
cline. Metabolic activity of the bacteria present increases 
as the temperature increases. With this increase in metabo-
lism, the free oxygen below the thermocline decreases and 
the carbon dioxide content increases, above the thermocline 
there is a continual interchange of gases with the atmosphere 
but the co
2 
content is lowered by photosynthesis. Bacterial 
reproduction rates may increase until substrates are ex-
hausted or until aerobic organisms• co2 and anaerobic 
organisms' o 2 tolerance is attained. 
Bacterial populations above the thermocline are greater 
in number than those below in the early period of thermal-
stratification, June 19 to July 31- As anaerobic conditions 
increase beneath the thermocline, the anaerobic bacterial 
populations increase rapidly and surpass aerobic populations 
above thermocline. With the rapid growth of the anaerobic 
bacteria, co2 values are further increased. carbon dioxide 
diffuses upward and causes a reduction in numbers of aerobic 
bacteria in and above the thermocline. 
.-
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Obligate anaerobic and highly fastidious bacteria did 
not survive on the plate count media, the first step of the 
enrichment method utilized in this research (Table II, 
page 18). The obligate anaerobic bacteria did not survive 
as a result of their low tolerance of o2 ; the fastidious 
organisms because of a lack of required substrates. Some 
of the nutrient-specific organisms observed in direct counts 
of water samples were of the iron bacteria group, and a few 
genera of sulfur bacteria. These organisms were observed 
and included in the direct count tables (page 13). The 
surviving aerobic and faculative anaerobic bacteria consti-
tute approximately 25 percent of the organisms observed in 
direct counts. 
In the first step of the enrichment method (Table II, 
page 18) the 22° to 37° range was utilized to obtain total 
counts of aerobic and faculative anaerobic bacteria present 
in water samples. Growth on EMB media showed that the num-
bers of coliform organisms were comparatively low in respect 
to other bacterial populations found in the water, surface 
waters always contained the lowest numbers of coliforms. 
Desoxycholate was utilized to separate the coliform group 
present into genera. Escherichia was identified, but neither 













































NUMBERS OF BACTERIA COLONIES 
FROM ENRICHMENT TECHNIQUE 
Plate Count EMB Desoxycholate 
Bacteria[ml Bacteria[lOOml 
22° 37° 37° 37° 
50 13 0 0 
50 10 0 0 
47 14 2 0 
49 · 20 1 0 
39 22 4 0 
38 14 ·2 0 
41 9 0 0 
27 9 0 0 
27 6 0 0 
19 11 1 0 
19 11 4 0 
20 10 0 0 
56 0 0 0 
50 10 2 0 
49 20 1 0 
49 27 6 0 
35 11 0 0 
38 8 0 0 
38 8 0 0 
30 3 3 0 
30 7 0 0 
20 5 0 0 
18 13 0 0 
20 9 2 0 
50 2 2 0 
50 7 0 0 
49 11 1 0 
46 0 0 0 
28 6 3 0 
27 0 2 0 
27 1 1 0 
25 0 0 0 
20 2 0 0 
15 0 0 0 
15 0 0 0 
15 0 0 0 
18 
19 
TABLE II. (continued) 
Type of Plate count EMB Desoxycholate 
media Bacterial'.'.ml Bacterial'.'.l00m_l 
Temperature 




July 1 47 0 0 0 
31 2 43 5 0 0 
3 45 6 1 0 
4 27 6 0 0 
5 28 12 2 0 
6 28 0 0 0 
7 18 2 0 0 
8 18 1 0 0 
9 16 0 0 0 
10 16 0 0 0 
11 15 0 0 0 
12 12 0 0 0 
Aug. 1 50 2 0 0 
7 2 47 3 1 0 
3 45 7 1 0 
4 38 1 0 0 
5 36 9 0 0 
6 32 2 0 0 
7 20 0 0 0 
8 12 0 0 0 
9 11 1 0 0 
10 15 0 0 0 
11 15 0 0 0 
12 10 0 0 0 
Aug. 1 46 0 0 o· 
21 2 43 1 1 0 
3 10 5 2 0 
4 11 0 0 0 
5 19 0 0 0 
6 18 0 0 0 
7 12 0 0 0 
8 12 0 0 0 
9 13 3 1 0 
10 13 0 0 0 
11 12 1 0 0 
12 7 2 0 0 
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TABLE II (continued) 
Type of Plate Count EMB Desoxycholate 
media Bacteria[ml Bacteria[l00ml 
Temperature 
22° 37° 37° 37° in degrees C. ' -
Sample Meter 
Date Depth 
Sept. l 51 1 l 0 
4 2 49 l 0 0 
3 9 0 l 0 
4 10 0 l 0 
5 16 0 0 0 
6 11 0 0 0 
7 9 5 0 0 
8 7 3 0 0 
9 6 0 0 0 
10 6 0 0 0 
11 5 l 0 0 
12 7 2 0 0 
Sept. l 52 l 0 0 
18 2 50 0 0 0 
3 51 0 0 0 
4 48 0 l 0 
5 47 0 0 0 
6 30 0 0 0 
7 45 3 2 0 
8 10 l 0 0 
9 10 0 0 0 
10 10 0 0 0 
11 6 0 0 0 
12 3 0 0 0 
21 
Concentration of the aliphatic moiety of the humic acid 
is greater below the thermocline than above. This is shown 
by the decrease in optical density (O.D.) above thermocline 
(Table I, page 13). Changes in O.D. may be due to bacterial 
utilization of the aliphatic moiety. During early summer, 
it is possible to locate the thermocline by finding the 
depth of water with the greatest O.D. of the aliphatic moiety 
(Table III, page 22). The secondary thermocline has an 
affect on the aliphatic moiety similar to that of the pri-
mary thermocline. Howeve·r; with the formation of a second-
ary thermocline, o2 a~d co2 values are disrupted and there 
is a breakdown in the utilization of the aliphatic moiety 
in the primary thermocline (Table I, page 13). 
The mean values given in Table III (page 22) and graphed 
in Figure 1 and 2 (pages 23 and 2~) show that temperature 
and o 2 concentration are always greater above thermocline 
than below, and that co2 and the O.D. of the aliphatic moiety 
are greater below thermocline. Temperature values, o
2 
and 
co2 concentration in the thermocline are intermediate be-
tween values in the epilimnion and hypolimnion (Table IV, 
page 25). The aliphatic moiety had a greater O.D. at the 
primary and secondary thermocline than at any other sampling 
depth on 87-5% · of the sampling dates. -The greatest O.D. 
occurred below the thermocline on the other sampling dates. 
This suggests that thermal-stratification plays a major role 
in the concentration of the aliphatic moiety. 
TABLE III 
COMPARISON OF TEMPERATURES, OXYGEN CONCENTRATION, CARBON DIOXIDE CONCENTRATION, 
BACTERIA PER ml AND OPTICAL DENSITY OF THE ALIPHATIC MOIETY OF A HUMIC 
ACID ABOVE AND BELOW THE THERMOCLINE 
Mean Values Above Thermocline Mean Values Below Thermocline 
Date Temp 02 co2 
2 Bacteria Temp 02 CO2 
2 Bacteria O.D.xlO O.D.xlO 
Oc ppm ppm ml OC ppm ppm ml 
June 21.5 4.8 3-5 3.25 215 5.6 1.6 6.8 6.01 111 19 
July 22.3 6.1 3-4 0.33 227 5-9 1.7 6.3 6.56 107 3 
July 22.9 4.5 4.3 4.79 234 6.1 1.8 6.8 8.95 80 17 
July 24.7 4.3 4.3 4.82 215 6.7 1.7 6.9 7. 51 100 31 
Aug. 25.0 3-9 4 -9 0.21 160 8.3 1.0 10.1 15-36 171 7 
Aug. 24.8 .67 4.9 0.06 209 9.6 .03 15.8 11.11 198 21 
Sept. 19.6 5.8 7.3 11.97 230 7.9 .60 16.0 17.55 212 4 
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TABLE IV 
COMPARISON OF TEMPERATURES, OXYGEN CONCENTRATION, CARBON 
DIOXIDE CONCENTRATION, BACTERIA PER ml AND OPTICAL 
DENSITY OF THE ALIPHA~IC MOIETY OF A HUMIC ACID 
Date Temp 
OC 
June 19 9.0 
July 3 9-5 
July 17 10.0 
July 31 12.0 
Aug. 7 18.5 
Aug. 21 20.0 
Sept. 4 15.0 
Sept. 18 10.0 
AT THERMOCLINE 
values At Thermocline 




































As the co2 concentration increases below thermocline in 
early summer, the O.D. of the moiety also increases (Figure 
2, page 24). In late summer when co2 stablized at 16 ppm, 
anaerobic populations reached their maximum size and the 
O.D. of the aliphatic moiety was reduced (Figure 2, page 24). 
This indicates that these organisms may be utilizing this 
aliphatic moiety of humic acid at a high co
2 
tension. 
To determine whether the aerobic bacteria in the 
epilimnion utilize this aliphatic moiety, the following five 
genera isolated from the ·summer water were used in bioassay: 
Aerobacter, Arthrobacter, Escherichia, Peloploca, and 
Pseudomonas. All of these organisms utilized the aliphatic 
moiety, but were dependent upon a standard atmosphere for 
greatest utilization (Table V, page 27). Aerobacter and 
Arthrobacter did not utilize the moiety when grown in an 
atmosphere containing 5% co2 , however, the other genera in 
the same·environment utilized the moi~ty at a low rate. 
Pseudomonas showed the least preference for standard atmos-
phere when compared with the other genera. The utilization 
of the aliphatic moiety of the humic acid by the aerobic 
bacteria in the bioassay may account for the variations in 
the O.D. above the natural thermocline (Table I and III, 
pages 13 and 22). 
TABLE V 
BIOASSAY OF THE UTILIZATION OF THE ALIPHATIC MOIETY OF A 
HUMIC ACID AT 23°c IN STANDARD ATMOSPHERE (I) AND IN AN 
ATMOSPHERE CONTAINING 5% co2 (II) 
27 
O.D. X 10 2 (I) O.D. X 10 2 ( II) 
control 69.86 69.86 
Aerobacter 53.20 69.86 
Arthrobacter 64.62 69.86 
Escherichia 54.80 59.39 
Peloploca 63 .41 68.06 
Pseudomonas 64.03 64.24 
DISCUSSION 
The aquatic ecosystem during thermal-stratification has 
been described as two separate lakes, one superimposed upon 
the other, the epilimnion being biologically active and the 
hypolimnion a biological waste land (35). This statement is 
true if only aerobic populations are considered. However; 
if the anaerobic bacterial populations are compared to the 
aerobic, the hypolimnion is more biodynamic than the epi-
limnion. 
It is possible to extract humic acid polymers from water 
with ether and to obtain an infrared spectrum from cc14 
solutions of this extract. This spectrum is comparable to 
those of humic acid polymers extracted using other proce-
dures. Quantitative measurements of the infrared spectra 
show optical density differences at various water depths and 
time intervals. The aliphatic moiety of the humic acid was 
found to be the biodynamic portion of the polymer in the 
water samples taken. The mean optical density was found to 
be greater below than above the thermocline. 
Oxygen and carbon dioxide measurements show that the 
concentration of these gases is dependent upon temperature, 
metabolic activity, and the thermocline. The thermocline 
slows the diffusion of gases and this results in the ac-
cumulation of co2 beneath it. With the increase in the co2 
the o .. D. of the aliphatic moiety increases until anaerobic 
29 
conditions stabilize. Data indicate that once complete 
anaerobic conditions are reached (16 ppm of co2 ), utiliza-
tion by the anaerobic bacteria may occur. The low concen-
tration of the aliphatic moiety during early summer in the 
epilimnion indicates that the aerobic bacteria may utilize 
this substrate; because, under the anaerobic conditions in 
the hypolimnion below the thermocline, the O.D. of the 
aliphatic moiety remains high. An increase in heat input, 
metabolic activity, and reproduction rates have an additive 
effect on the co2 already present below thermocline. Oxygen, 
from the surface, and co~, from the bottom, continually 
"-
diffuse through the thermocline causing it to vary between 
aerobic and anaerobic conditions. Changes in co2 and o2 may 
slow the utilization of the aliphatic moiety. The primary 
or secondary thermoclines have a greater O.D. for the 
aliphatic moiety 87.5% of the times sampled. 
Five aerobic bacteria isolated from water samples 
collected in the epilimnion utilized the aliphatic moiety 
to different degrees as shown by the bioassay. This may 
account for the variations in the optical density in natural 
waters. A study of the anaerobic bacteria in this ecosystem 
should be initiated for the data collected indicate that 
they may be using this same compound at high co2 tensions. 
SUMMARY 
Weekly measurements of concentrations of co2 and o2 , 
O.D. of the aliphatic moiety, temperature, and bacterial 
populations were made in a thermally-stratified lake. 
Samples were taken at one meter intervals from the surface 
to bottom. 
The thermocline was located and the measurements of 




were compared from 
the epilimnion and hypolimnion. Different concentrations 
of o2 and co2 above and below the thermocline showed that 
the thermocline serves as a barrier decreasing the movement 
of these gases. 
Anaerobic bacteria reproduce in greater numbers than 
aerobic bacteria beneath the thermocline. Their increased 
growth rate.had an additive effect on the co2 already 
present. 
A humic acid polymer was extracted using two different 
methods and identified by the production of infrared 
spectra. It was found that the aliphatic moiety of the 
polymer varied with both time and depth. Below the thermo-
cline there is an increase in the aliphatic moiety until 
the co2 increases to 16ppm. At this point the trend is 
reversed. 
Bioassay on water containing a humic acid polymer, 
with a known O.D. for the aliphatic moiety, was con-
ducated using Aerobacter, Arthrobacter, Escherichia, 
Peloploca, and Pseudomonas. The aliphatic moiety was 
found to be the biodynamic portion of the polymer in 
the bioassay. The utilization of the aliphatic moiety 
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may account for the variations in O.D. above the thermocline 
in water samples from the lake investigated. 
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